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The  objectives  of  thie  study  ere: 

1.  -  The  determination  of  the  causes  of  failure  in  quarts  crystal  units. 

2.  -  The  formulation  of  accelerated  testa  for  the  determination  of 

"tiae  to  first  failure",  "mean  time  between  failures",  and  "life 
tine". 

3.  -  The  evaluation  of  such  factors  as  elevated  temperatures,  and  drive 

levels  other  than  the  recosesehded  drive  levels,  in  causing  failure 
of  quarts  crystal  units. 

4.  -  The  determination  of  a  satisfactory  definition  of  failure  in  terms 

of  performance. 


This  report  was  prepared  by  Carleton  I.  Jones. 
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Statement  of  Purpose 


Thia  study  la  an  investigation  of  factors  that  produce  failures 
of  quarts  crystal  units.  The  work  Is  divided  into  five  distinct  phases. 
The  crystals  being  tested  are  separated  into  20  Lots,  for  ease  of 
handling  and  record  keeping.  Each  Lot  of  crystals  proceeds  through  the 
five  Phases  without  regard  to  the  status  of  the  remaining  Lots,  thus 
more  than  one  Phase  may  be  active  at  any  time,  although  for  any  one 
Lot  of  crystals,  the  sequence  of  Phases  follows  chronological  order. 

Phase  I:  The  contractor  is  procuring,  from  industry,  military 
quarts  crystal  units  in  the  types  and  quantities  specified  in  Signal 
Corps  Technical  Requirement  SCL-7003/84.  Each  of  these  quarts  crystal 
units  is  subjected  to  all  preproduction  tests  required  by  Specification 
MIL-C-3098C,  and  such  other  tests  as  are  required  to  establish  that 
the  crystal  units  are  of  a  quality  suitable  for  the  study.  All  crystal 
units  which  fail  these  teats  are  eliminated  from  further  study. 

Phase  II:  The  crystal  units  that  conformed  to  all  specification 
requirements  during  Phase  I  testing  are  subjected  to  tests  as  listed 
below. 

(a)  All  crystal  units  that  are  normally  operated  under  controlled 
temperature  conditions  are  stored  at  their  specified  oper¬ 
ating  temperatures. 

(b)  One-fourth  of  the  crystal  units  that  are  normally  operated 
under  non- controlled  tenperature  conditions  are  stored  as 
plus  65  degrees  centigrade.  The  remaining  three-fourths  of 
these  units  are  operated  in  oscillators  at  room  ambient,  one- 
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third  of  then  at  25  percent  of  rated  drive  level,  one-third 
at  100  percent  of  rated  drive  level,  and  one-third  at  500 
percent  of  rated  drive  level. 

(c)  Meaeureaenta  of  aeriea  resonant  frequency  and  resistance  are 
made  at  the  end  of  each  of  the  following  periods  of  tine 
after  the  start  of  the  test:  24  hours,  125  hours,  225  hours, 
500  hours,  1000  hours,  2000  hours,  3000  hours,  <<000  hours, 
and  5000  hours. 

Phase  IZZ:  The  frequency  versus  temperature  characteristics  of 
the  crystal  units  will  be  redetermined. 

Phase  IV:  Those  crystal  units  which  still  neet  the  requirements 
of  MIL- C- 3098c  at  the  end  of  Phase  ZII  will  be  divided  into  two  lots, 
one  of  which  will  be  subjected  to  shock  tests,  the  other  to  vibration 
tests,  as  specified  by  the  procuring  activity.  n»  frequency  and 
effective  resistance  of  the  crystal  units  will  then  be  redetermined. 

Phase  V:  A  final  report  will  be  prepared,  analyzing  the  data 
generated  in  Phases  Z  through  ZV  with  regard  to:  (a)  determination  of 
causes  of  failure;  (b)  the  formulation  of  tests  to  determine  "time  to 
first  failure",  "mean  tine  between  failures”,  end  "life  time”;  (c)  the 
effects  of  elevated  temperatures,  snd  high  and  low  drive  levels  in 
inducing  failures;  (d)  a  workable  definition  of  failure  in  terms  of  - 
crystal  performance;  and  (e)  determination  of  a  relisbillty  figure  for 
quarts  crystals. 
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Abstract 


Phase  I  (pr  •production  teat  inf  of  th*  crystal  units)  continues. 

Of  th*  20  Lots  of  crystals  involved  in  this  study,  13  have  completed 
Phase  I  testing  and  are  now  in  P-««  II. 

No  problems  of  any  significance  have  been  encountered  in  perforating 
either  Phase  I  or  Phase  II  tests.  Slow  delivery  by  the  manufacturers 
has  been  the  major  factor  slowing  progress  with  the  first  phaaea  of  this 
study. 


3 


Publications,  Lectures,  Reports,  and  Conferences 


During  the  period  covered  by  thia  report,  no  publications  were 
issued,  and  no  lectures  were  delivered. 

Monthly  reports  Ho.  5  and  Ho.  6  were  prepared  and  submitted  on 
schedule,  and  the  Second  ^isrterly  Report  vas  submitted,  accepted,  and 
distributed. 

Mo  formal  conferences  vere  held  during  this  period.  Mr.  J.  Stanley, 
USAERDL,  visited  the  contractors  plant  12  December  1962  to  viev  the 
operation  of  the  test  program  and  discuss  the  procurement  of  the  re¬ 
maining  crystals  needed  for  the  program.  It  vas  agreed  that  because 
of  the  apparent  inability  of  manufacturer  "A"  to  deliver  the  required 
30  type  C R-74/U  crystals,  other  sources  should  be  solicited  to  supply 
the  units.  Two  other  crystal  suppliers  vere  asked  to  bid  on  supplying 
theme  crystal  units.  One  of  the  tvo  suppliers  indicated  he  could 
supply  the  units,  and  the  arrival  of  a  firm  quotation  from  him  is  ex¬ 
pected  soon. 


factual  Data 


Phase  Z: 

Our  lag  the  period  corerad  by  this  report  several  partial  ihipnanta 
of  cry  stele  were  received.  Manufacturer  A  baa  now  delivered  all  crystals 
ordered  froa  bia  except  tbe  type  CR-7t/U  saeples.  Hone  of  Manufacturer 
A's  <31-74*8  have  been  received,  and  it  appears  likely  that  another 
supplier  nay  have  to  be  found  to  svqpply  these  crystals. 

Manufacturer  B  has  now  delivered  all  the  type  (31-3240)  and  type 
CR-74/U  crystal  units  ordered  froa  bin.  Of  the  120  type  CR-67/U  crystals 
ordered,  118  have  been  received,  and  of  the  120  type  CR-10A/U  crystals 
ordered,  107  have  been  received. 

A  record  of  the  results  of  the  preproduction  tests  parfomed  on 
the  crystals  supplied  toy  manufacturer  A  is  included  in  Appendix  Z,  Table 
Z.  Zn  those  cases  where  it  is  indicated  that  a  test  was  not  applicable, 
this  was  because  half  of  each  type  of  crystals  were  subjected  to  the 
noslture  resistance  test  and  the  other  half  to  the  aging  test.  Thus, 

Lots  1  and  2  were  subjected  to  aging  but  not  to  moisture  resistance, 
while  Lots  3  and  4  were  subjected  to  moisture  resistance,  but  not  to 
aging,  Tor  those  crystal  types  which  comprised  only  one  Lot  (tbe  (St- 
3240)  and  CR-7VU  crystals),  half  of  the  Lot  was  subjected  to  ^lng  and 
half  to  moisture  resistance.  Table  ZZ,  in  Appendix  Z  gives  tbe  prepro¬ 
duction  wry  for  the  crystals  stalled  by  manufacturer  B. 

The  crystals  still  being  subjected  to  preproduction  tests  will 
complete  the  tests  in  accordance  with  tbe  following  (approximate)  schedule : 

Lots  7  and  8  will  collate  preproduction  testing  3  February  1963* 
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Lot  19  will  conpleta  preproduction  taating  8  February  1963* 

Lota  10,  Ik,  and  1&  will  ecaqplete  proprodactioc  taating  4j  daya 

aftar  raeaipt  of  ttaa  eryatala  required  to  conpleta  ttaa  Lota. 

Bcanlnetloua  of  tha  eryatal  unita  that  hava  failad  during  prepro- 
duetlon  taating  hava  lad  to  tha  following  oonduaiona  aa  to  tha  eauaaa 
of  tha  failuraa: 

Sanple  nunber  120,  Lot  4,  which  would  not  oacillata  aftar  subjec- 
tloa  to  tha  vibration  taat,  waa  found  to  hava  a  broken  support  wire 
(aaa  Figure  1,  Appeal lx  IX). 

Saaple  amber  21  of  Lot  3,  which  would  not  oacillata  aftar  tha 
lnnaralon  taat,  waa  re- aubj acted  to  tha  leakage  taat,  and  ahoved  definite 
evldanoa  of  leakage.  Xt  la  believed  that  there  waa  probably  aaaw  vndetec- 
tad  leakage  occurring  whan  tha  crystal  unit  waa  initially  subjected  to 
tha  leakage  taat,  and  that  additional  water  entered  the  eryatal  holder 
during  tha  laawralon  taat. 

Sables  A3  and  Al6  of  Lot  6  would  not  oacillata  at  tha  conclualon 
of  tha  aging  teat.  Throughout  the  aging  taat  the  aerlea  reaonant  fre¬ 
quency  of  thaaa  two  aaaplea  had  bean  ahifting  in  a  negative  direction 
at  a  relatively  high  rata,  and  tha  affective  reelatanee  bad  bean  in¬ 
creasing.  By  tha  and  of  tha  taat,  tha  affective  realetanee  of  each  of 
the  two  unite  had  Inara  need  to  a  value  eo  high  tha  eryatal  could  not  be 
nadc  to  oacillata  in  tha  atandard  taat  aat  (TS-683/TBK)  at  rated  drive. 

Tha  eryatala  would  oacillata  at  approKlaately  300  percent  of  rated  drive, 
but  tha  aariea  reaonant  frequenciea  of  tha  unita  were  wall  below  tha 
acceptable  ninlaun  frequency. 
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Samples  21  and  27  of  Lot  9  failed  to  oscillate  when  tested  after 
vibration.  The  crystal  holders  were  opened  and  it  was  found  that  in 
each  of  these  two  units  one  of  the  support  wires  had  broken  off  the  pin 
in  the  base  of  the  crystal  holder.  The  break,  in  each  case,  was  at  the 
point  at  which  the  support  wire  was  fastened  to  the  pin.  A  photograph 
of  these  two  units,  (Figure  2)  showing  the  broken  support  wires,  is  in¬ 
cluded  in  Appendix  II  of  this  report. 

Samples  13,  19,  and  26  of  Lot  9  failed  to  oscillate  after  the 
leakage  test.  All  three  units  had  shown  evidence  of  leakage  during  the 
leakage  test. 

Sample  25  of  Lot  15  would  not  oscillate  after  the  shock  test.  The 
crystal  holder  was  opened  and  it  was  found  that  one  of  the  support 
wires  had  broken  loose  from  the  quartz  plate  (see  Figure  3,  Appendix 
II).  Sample  27  of  thi6  Lot  would  not  oscillate  after  the  salt  spray 
test,  and  samples  20  and  26  would  not  oscillate  at  the  conclusion  of 
the  aging  test. 

There  were  four  failures  in  Lot  20  during  preproduction  testing* 

The  glass  holder  of  sample  25  fractured  during  the  shock  test,  and 
saaqple  14  would  not  oscillate  at  the  conclusion  of  the  shock  test. 
Samples  12  and  24  would  not  oscillate  at  the  conclusion  of  the  vibra¬ 
tion  test.  A  fifth  sample,  number  1,  had  to  be  removed  from  testing 
because  the  holder  was  accidentally  broken  while  the  unit  was  being 
mounted  for  the  vibration  test.  A  photograph  illustrating  the  construc¬ 
tion  of  these  CR-74/U  crystal  units  is  Included  in  Appendix  II  (Figure 

4). 
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Efforts  to  ascertain  the  cause  of  failure  are  continuing  on  those 
crystal  units  for  vhich  no  cause  of  failure  vas  given  in  the  above 
sunnary,  and  the  results  of  these  investigations  vill  be  Included  in 
Report  Number  4. 

Two  tests  were  performed  on  the  type  CR-74/U  crystals  ccnprislng 
Lot  20  that  were  not  Included  in  the  specification  (MIL-C-27222)  covering 
these  crystals.  These  tests  vere  thermal  shock  and  a  special  leakage 
test.  The  tests  vere  performed  as  specified  by  the  procuring  agency. 

The  thermal  shock  test  consisted  of  Immersing  the  crystals  for  a  period 
of  15  seconds  in  a  bath  of  water  maintained  at  plus  93  degrees  Centigrade. 
At  the  conclusion  of  the  15  seconds  in  the  hot  bath,  the  crystals  vere 
immediately  transferred  into  a  bath  of  water  maintained  at  plus  5 
degrees  Centigrade.  The  crystals  vere  left  in  the  cold  bath  for  a  period 
of  five  minutes,  then  they  vere  removed  from  the  bath,  dried,  and  closely 
examined,  under  magnification,  for  any  evidence  of  cracks  or  other  detri¬ 
mental  effects  resulting  from  the  thermal  shock.  Ho  such  evidence  vas 
discovered. 

The  special  leakage  test  consisted  of  inserting  the  crystal  holder 
into  a  high  voltage  field  generated  by  a  Tesla  coil  and  observing  whether 
any  evidence  of  ionization  could  be  detected  within  the  crystal  holder, 
which  would  indicate  that  the  holder  vas  no  longer  evacuated.  Mo  case 
of  leakage  was  discovered. 

Phase  II: 

Phase  II  testing,  which  includes  storing  crystal  units  at  elevated 
temperatures,  and  also  operating  crystal  units  at  25,  100,  and  500  per¬ 
cent  of  rated  drive,  is  now  being  performed  on  Lots  1,  2,  3,  4,  5,  6,  9, 
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11,  12,  15,  tui  16.  Hie  oscillator*  used  for  operation  of  the  crystals 
at  the  various  drive  levels  are  shown  in  Figure  5  and  6,  and  a  schematic 
disgraa  of  the  oscillator  circuit  Is  shown  In  Figure  7,  Appendix  IX. 

The  circuit  employed  Is  an  adaptation  of  the  oscillator  circuit  employed 
In  the  standard  crystal  lapedance  aster  (TS-683/TSM)  used  In  testing 
these  crystals. 

In  preparing  the  oscillators  for  use,  the  tuning  and  drive  level 
was  set  In  accordance  with  the  procedures  normally  used  to  prepare  the 
TS-683  crystal  lapedance  meter  for  use  in  testing  crystals  to  determine 
their  par ssm tars  In  accordance  with  specification  MXL-C-3O90C.  For  ex- 
aaple,  for  testing  a  group  of  30  type  CR-l&j^U  crystals  at  25  percent 
of  rated  drive,  each  individual  oscillator  was  tuned,  and  the  drive  set 
across  the  required  standard  resistor.  Just  as  in  using  the  crystal 
l^edance  meter.  As  the  adjustment  of  each  oscillator  was  completed, 
the  resistor  used  to  set  the  drive  level  was  renewed  from  the  crystal 
socket,  and  one  of  the  test  crystals  was  plugged  into  the  socket. 

A  dally  check  Is  aede,  using  an  R.F.  probe  and  a  multimeter,  to 
determine  whether  each  Individual  crystal  is  still  oscillating.  This 
makes  It  possible  to  pinpoint,  within  a  single  2k  hour  period,  the  time 
of  failure,  should  a  crystal  fall.  The  drive  setting  of  each  oscillator 
Is  checked  each  time  the  crystal  is  removed  from  the  circuit  for  test 
measurements.  The  drive  levels  originally  set  for  the  oscillators  have 
changed  only  slightly  during  operations  to  this  date.  All  components 
employed  in  the  oscillators  were  conservatively  rated,  and  plata  voltage 
was  kept  at  a  low  level,  to  help  ensure  this  stability. 
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Records  of  the  change  In  frequency  of  the  crystals  vith  respect 
to  tine  are  being  kept  In  terms  of  parts  per  million.  The  frequency 
measured  for  each  crystal  after  the  first  24  hours  of  Phase  II  testing 
was  taken  as  the  reference  frequency  for  that  crystal,  and  was  assigned 
a  value  of  0.  The  difference,  in  cycles  per  second,  between  the 
reference  frequency  of  the  crystal  and  the  measured  frequency  at  any 
later  time,  divided  by  the  reference  frequency,  expressed  in  millions 
of  cycles  per  second,  gives  the  frequency  change,  in  parts  per  million, 
occurring  between  the  two  measurements.  An  increase  in  the  measured 
frequency  is  recorded  as  a  plus  frequency  change,  a  decrease  as  a  minus 
frequency  change. 

The  status  of  the  various  lots  of  crystals  which  were  in  Phase  II 
testing  at  the  close  of  this  report  period  was  as  follows: 

Lot  1 

These  20  megacycle  CR-l8d/U  crystals,  which  are  being  stored  at 
plus  85  degrees  Centigrade,  completed  approximately  2750  hours  of  stor¬ 
age  through  5  January  1963.  The  maximum  allowable  frequency  change 
for  these  units  (the  overall  frequency  tolerance  per  MIL-C-3098C)  is 
plus  or  minus  30  parts  per  million. 

During  the  first  1,000  hours  in  storage  only  one  unit,  number  13, 
had  changed  in  frequency  more  than  50  ppm.  That  unit  was  minus  50.77 
ppm  at  the  conclusion  of  1,000  hours  storage.  When  the  frequency  was 
measured  again,  after  2,000  hours  storage,  a  total  of  five  units  had 
frequency  changes  in  excess  of  JO  ppm.  Unit  number  12  was  minus  91*39 
ppm,  unit  13  minus  67. 03  ppm,  unit  17  minus  55. 77  ppm,  unit  23  minus 
64.63  ppm,  and  unit  26  minus  $0.62  ppm  at  that  time.  A  complete  record 
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of  the  frequency  changes  occurring  in  this  Lot  of  crystals  through  the 
2,000  hour  tost  is  given  in  Appendix  I,  Table  III. 

Lot  2 

This  Lot  of  crystals,  of  the  some  frequency  and  type  as  those  in 
Lot  1,  is  being  operated,  at  25  percent  of  rated  drive,  in  oscillators. 
The  oscillators  and  test  crystals  are  at  room  ambient  conditions. 

Through  5  January  1963  this  Lot  completed  approximately  2580  hours  oper¬ 
ation.  One  unit  of  thle  Lot  (sample  number  52)  stopped  oscillating 
after  approximately  1430  hours  operation.  The  sample  was  removed  from 
test,  and  is  being  examined  in  an  effort  to  assign  a  specific  cause  of 
failure. 

Of  the  remaining  29  crystal  units  in  this  Lot,  17  units  exhibited 
positive  frequency  shifts,  and  11  units  exhibited  negative  frequency 
shifts,  at  the  end  of  2,000  hours.  One  crystal  unit  has  not  changed 
in  frequency  since  the  measurement  made  at  the  conclusion  of  the  first 
24  hours  of  Phase  II  testing.  A  record  of  all  frequency  changes  occur¬ 
ring  in  2000  hours  testing  is  presented  in  Table  IV,  Appendix  I. 

Lot  3 

These  20  megacycle  type  GR-ldVU  orystals  are  being  operated,  at 
100  percent  rated  drive,  in  oscillators  at  room  ambient  conditions. 

In  the  interval  between  the  1,000  hour  and  the  2,000  hour  frequency 
measurements,  four  units  failed.  These  failure  were: 

Sample  number  65  stopped  oscillating  after  approximately  1504 
hours  of  operation.  It  vas  determined  that  the  crystal  could  be  made 
to  oscillate  at  a  high  drive  level,  but  the  equivalent  resistance  of 
the  crystal  had  become  so  great  that  it  would  not  oscillate  in  the 
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standard  test  set  circuit,  even  at  kOO  percent  of  ratod  driva. 

Saaple  nuaber  67  wi  still  oscillating  at  tha  conclusion  of  2000 
hours  operation,  hut  would  not  oseillata  whan  tastad  aftar  24  hours 
of  non-operating  s torses  at  plus  30  degrees  Centigrade. 

Sa^la  nuaber  79  stoppad  oscillating  aftar  approxiaately  1096 
hours  of  operation. 

ft saris  nuaber  66  stopped  oscillating  aftar  spprooclaataly  1766 
hours  of  operation. 

Mo  dafinita  causa  of  failurs  has  yat  baan  datansiaad  for  samples 
67,  79*  and  66.  The  rssislnlng  26  sables  la  this  Lot  wars  still  oper¬ 
ating  within  tha  allowable  overall  frequency  tolerance  (+  90  ppa)  at 
tha  tine  of  the  2000  hour  frequency  nsaeurenanta.  A  raoord  of  tha 
frequency  changes  occurring  in  this  Lot  is  prasantad  in  dppeadlx  I, 
Table  $. 

Lot  k 

Thasa  20  aagacyda  CR-lBA/U  crystals  are  being  operated  in  oscil¬ 
lators,  at  roan  sab lent  conditions,  at  900  percent  of  tha  drive  spec¬ 
ified  in  MXL-C-3096C  for  crystals  of  this  type  and  frequency.  Through 
9  January  1963,  this  Lot  of  crystals  collated  approximately  2939  hours 
of  operation.  There  ware  no  catastrophic  failures  Auriiy  this  period 
of  operation. 

Of  tha  29  crystal  units  in  this  Lot  (one  unit,  nunber  120,  failed 
during  tha  preproduotlon  tests),  17  had  negative  frequency  shifts  in 
excess  of  90  parts  par  aillion  at  tha  conclusion  of  2000  hours  oper¬ 
ation.  A  record  of  tha  fraquanoy  changes  occurring  during  tha  first 
2000  hours  operation  is  given  in  Jppeadix  Z,  Table  VI. 
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Lot  5 

Own  50  Megacycle  CR-67/U  crystal!  sr«  being  operated  la  oscil¬ 
lators,  at  roesi  ablest  conditions,  at  100  pareant  of  the  drive  level 
specified  in  XXL-C-309B/45.  Through  5  January  1963  this  Lot  eosvleted 
approximately  2507  hours  of  operation.  Of  the  29  units  in  this  lot 
(sample  saber  20  failed  the  lasersion  test)  26  had  chanced  in  frequency 
less  than  the  overall  frequency  tolerance  of  +  25  parts  par  ad  111  on 
during  the  first  2000  hours  operation.  The  other  unit,  rnaaber  21,  had 
niaus  27*24  ppn  at  the  end  of  2000  hours  operation.  A  record 
of  the  frequency  changes  of  these  crystals  during  2000  hours  operation 
is  presented  la  Appendix  I,  Table  VIZ. 

Lot  6 

This  group  of  50  nsgacycle  CR-67/U  crystals  is  being  stored  at  a 
tesqwrature  of  plus  85  degrees  Centigrade.  A  total  of  27  crystals  are 
now  in  this  Lot,  as  ssaples  A3  and  A13  failed  the  preproduction  aging 
test,  and  se^le  A27  would  not  oscillate  whan  tested  after  225  hours 
in  storage. 

A  record  of  the  frequency  changes  occurring  during  the  first  2000 
hours  of  storage  of  this  Lot  of  crystals  is  presented  la  Appendix  I, 
Table  Till. 

Lot  9 

This  group  of  50  Megacycle  CR-32A/U  crystals  is  being  stared  at 
the  aornal  operating  te^erature  specified  for  CR-32A/U  crystals,  plus 
75  degrees  Centigrade.  A  total  of  25  crystals  were  put  Into  storage, 
ssaples  15,  19<  21,  27,  and  26  having  failed  during  the  perforaance  of 
the  preproduction  tests. 
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The  overall  frequency  tolerance  for  these  crystals,  per  MIL-C- 
309dC,  is  plus  or  alnus  20  parts  per  alllion.  Through  1000  hours  of 
storage,  two  sables,  mmfeers  3  and  29,  had  frequency  changes  In  excess 
of  20  ppm.  After  2000  hours,  7  samples  (ntabers  3,  4,  6,  10,  11,  18, 
and  29)  had  frequency  changes  In  excess  of  20  ppa.  A  record  of  the 
frequency  changes  with  tins  of  this  Lot  of  crystals  Is  presented  In 
Table  XI,  Appendix  1. 

Lot  11 

This  Lot  of  20  Megacycle  type  CR-lQ^U  crystals,  supplied  by  Manu¬ 
facturer  B,  completed  approximately  9S0  hours  of  Phase  II  testing 
through  5  January  1963.  These  crystal  units  are  being  stored  at  a 
temperature  of  plus  63  degrees  Centigrade.  The  overall  frequency  for 
these  crystal  units,  per  MIL-C-3096C,  Is  plus  or  Minus  30  parts  per 
million.  Through  the  300  hour  frequency  Measurements  only  one  crystal 
had  a  frequency  change  in  excess  of  that  tolerance.  That  crystal, 
sample  maker  8,  bad  shifted  minus  146.23  ppai  after  223  hours,  and  was 
minus  146.02  ppn  at  the  300  hour  frequency  measurement.  A  record  of 
the  frequency  changes  of  this  Lot  of  crystals  is  presented  in  Table  XIII, 
Appendix  1. 

Lot  12 

This  Lot  of  type  CJR-18A/U  crystals  is  being  operated,  at  23  per¬ 
cent  of  rated  drive,  In  oscillators  at  rooa  ambient  conditions.  Approx¬ 
imately  900  hours  of  Fhase  II  testing  was  completed  on  this  Lot  through 
3  January  1963*  Hone  of  the  30  crystals  In  this  Lot  had  frequency 
changes  in  excess  of  the  overall  frequency  tolerance  of  30  parts  per 
million  at  the  conclusion  of  the  first  300  hours  of  operation.  Ho 
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catastrophic  failures  occurred  during  900  hours  of  operation.  The  re¬ 
cord  of  frequency  changes  with  respect  to  time  is  presented  in  Table 
XIV,  Appendix  1. 

Lot  13 

These  type  CR-ldA/U  crystals  are  being  operated,  at  500  percent 
of  rated  drive,  in  oscillators  at  room  ambient  conditions.  The  Lot 
completed  225  hours  of  Phase  II  testing  2  January  19&3*  Through  5  Jan¬ 
uary  1963  there  were  do  catastrophic  failures  in  this  Lot  of  crystals. 

The  overall  frequency  tolerance  for  these  units  (see  MIL-C-3098C) 
is  plu6  or  minus  50  parts  per  million.  At  the  225  hour  check,  two 
crystals  had  changed  in  frequency  more  than  50  ppm.  At  that  time, 
crystal  number  74  was  minus  183.40  ppm,  and  crystal  number  83  was  minus 
56.  50  ppm.  A  record  of  the  frequency  changes  of  each  of  the  30  crystals 
in  this  lot  through  225  hours  of  testing  is  presented  in  Table  XV, 
Appendix  I. 

Lot  15 

This  Lot  of  type  CR-67/U  crystals  is  being  operated,  at  100  per¬ 
cent  of  rated  drive,  in  oscillators  at  room  ambient  conditions.  This 
Lot  completed  approximately  hours  of  Phase  II  testing  through  5 
January  I963.  The  overall  frequency  tolerance  l'or  crystals  of  this 
type  and  frequency  iB  plus  or  minus  25  parts  per  million. 

Of  the  26  crystal  units  comprising  this  Lot  at  the  start  of  Phase 
II  testing  (4  units  failed  preproduction  tests),  2  had  exceeded  this 
frequency  tolerance  after  125  hours  operation,  sample  number  9  sod 
sample  number  11  each  having  frequency  changes  of  minus  36.00  ppm.  At 
the  end  of  225  hours,  sample  number  9  was  minus  42.54  ppm,  sample  11 
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vu  minus  33.34  ppM,  tad  sample  malxr  23  vu  minus  25.78  ppm.  At  the 
conclusion  of  500  hour  a,  11  of  tba  26  crystals  In  this  Lot  bad  frequenc> 
changes  In  excess  of  25  ppa.  A  complete  record  of  the  frequency 
change  a  occurring  during  500  hours  operation  la  presented  In  Table  XVII, 
Appendix  I. 

Lot  16 

This  Lot  of  type  CR-67/U  crystals  is  being  operated,  at  25  percent 
of  rated  drive,  In  oscillators  at  roan  ambient  conditions.  During  500 
hours  of  Phase  II  testing,  there  vers  no  catastrophic  failures,  and 
no  frequency  changes  In  excess  of  the  overall  frequency  tolerance  of 
plus  or  minus  25  parts  per  million.  The  frequency  changes  occurring 
during  500  hours  operation  are  shown  in  Table  XVIII,  Appendix  I. 

Lot  20 

This  Lot  of  type  ®-74/u  crystals  is  being  stored  at  plus  85 
degrees  Centigrade.  When  put  Into  storage  5  January  1963,  there  were 
25  crystals  In  this  Lot.  Pour  crystals  failed  during  the  preproduction 
testing,  and  a  fifth  crystal  vas  accidentally  destroyed  while  It  was 
being  mounted  for  the  vibration  test. 

Phases  III,  IV,  and  V: 

The  performance  of  these  three  Phases  of  the  program  cannot  be 
Initiated  upon  any  Lot  of  crystals  until  the  Lot  completes  Phase  II. 

As  each  Lot  of  crystals  caopletes  Phase  II,  it  will  move  lnediately 
Into  Phase  III,  and  at  the  conclusion  of  Phase  III,  be  subjected  to 
the  tests  comprising  Phase  IV. 

Barring  any  unforseen  troubles,  Lot  1  should  enter  Phase  III  approx¬ 
imately  10  April  1963. 
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Conclusion* 


From  a  review  of  the  data  ac emulated  through  this  report  period, 
some  general  trend*  can  be  detected,  although  with  only  40  percent  of 
Phase  II  completed  on  the  crystal  samples  that  have  been  in  Phase  II 
the  longest  period  of  tine,  any  trend  observed  nov  nay  well  be  altered 
or  even  reversed  by  the  conclusion  of  the  test  period. 

For  the  type  CR-lflA/U  crystal  units  nov  in  Phase  II,  the  average 
frequency  chains  ( in  parts  per  Billion)  per  Lot  was  computed  for  "each 
interval  of  the  test  sequence  completed,  vlth  the  following  results: 


Lot  # 

24  hrs. 

125  hrs. 

225  hrs. 

500  hrs. 

1000  hrs. 

2000  hrs. 

1 

0 

40.122 

40.124 

-0.117 

-7.034 

-34.065 

2 

0 

-0.073 

-0.235 

-0.408 

-2.834 

41.328 

3 

0 

-0.656 

-5-765 

-7.147 

-15.698 

-22.099 

4 

0 

-4.045 

-9.596 

-16.875 

-24.308 

-54.938 

11 

0 

-9-806 

-8.817 

-7.142 

12 

0 

-22.641 

-21.991 

-46.361 

13 

0 

40.562 

-16.321 

9m  conditions  for  these  seven  Lots  of  crystals  are:  Lot  1  is  stored 
at  +85*C;  Lot  2  is  oscillating  at  23$  of  rated  drive;  Lot  3  is  oscillating 
at  lOOt  of  rated  drive;  Lot  4  is  oscillatii*  at  5000  of  rated  drive;  Lot 
11  is  stored  at  +8?*C;  Lot  12  is  oscillating  at  23$  of  rated  drive;  and 
Lot  13  is  oscillating  at  5000  or  rated  drive.  The  crystals  in  Lots  1, 

2,  3,  and  4  were  supplied  by  manufacturer  A,  those  in  Lots  11,  12,  and 
13  were  supplied  by  manufacturer  B. 
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Six  of  the  saves  Lots  exhibit  a  marked  negative  frequency  shift. 

This  in  itself  is  not  surprising,  but  the  magnitude  of  the  changes, 
particularly  for  Lots  1  and  12,  la.  The  near  quintupling  of  the  average 
frequency  change  for  Lot  1  in  the  Interval  from  the  1000  hour  to  the 
2000  hour  checks  is,  at  the  moment,  inexplicable,  ttien  the  measurements 
made  after  2000  hours  vere  compared  vlth  those  made  after  1000  hours, 
it  was  felt  that  sosm  error  had  been  made  in  setting  up  the  test  equip¬ 
ment  to  perform  the  measurements,  or  that  the  equipment  vas  not  properly 
calibrated.  The  calibration  of  the  instruments  vas  checked  and  found 
to  be  correct.  The  measurements  vere  then  repeated,  and  the  results 
agreed  very  closely  vlth  the  original  measurements. 

The  trend  established  by  the  frequency  shifts  occurring  in  Lot  4 
agrees  vlth  vhat  vas  expected  for  crystals  subjected  to  high  drive  levels, 
but  Lot  12  (at  drive)  is  shoving  a  similar  trend. 

The  average  frequency  change,  in  parts  per  million,  for  each  lot 
of  type  CR-67/U  crystals  nov  In  Phase  II  vas  also  coqtuted.  The  results 
of  these  coaputatlons  is  tabulated  belov: 


Lot  # 

24  hrs. 

125  hrs. 

225  hrs. 

50(1  hrs. 

1000  hrs. 

2000  hrs 

5 

0 

-0,733 

-1.522 

-2.822 

-5-264 

-9.903 

6 

0 

+0.400 

+0.326 

-1.226 

+0.005 

-0.019 

15 

0 

-3.343 

-4.915 

-30.333 

16 

0 

-0. 4l6 

-0.413 

-0.563 

The  conditions  for  these  four  Lots  of  crystals  are:  Lot  5  is  oper¬ 
ating  at  lOO^t  of  rated  drive;  Lot  6  is  in  storage  at  +85*C;  Lot  15  is 
operating  at  100 f  of  rated  drive;  and  Lot  16  is  operating  at  25Jt  of 
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rated  drive.  The  crystals  in  Lots  5  and  6  were  supplied  by  manufacturer 
A,  those  in  Lots  15  and  16  vere  supplied  by  manufacturer  B. 

The  average  frequency  changes.  In  parts  per  million,  for  the  CR- 
32A/U  crystals  in  Lot  9>  vaich  are  being  stored  at  their  reference 
tesiperature  of  <fT5*C,  vere:  After  125  hours,  -0.702;  after  225  hours, 
-fl.621;  after  500  hours,  -0.216;  after  1000  hours,  -5*754;  and  after 
2000  hours,  -19.436. 
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Program  for  the  Haxt  Interval 


During  the  next  Quarter,  Phase  Z  and  Phase  II  testing  vill  be  con- 
tinned,  and  investigation  of  the  failed  crystal  units  listed  in  the 
current  report,  as  veil  as  any  units  failing  during  the  next  interval, 
viU  be  aade.  Identification  of  the  plating  aetals  used  in  the  various 
failed  crystals  will  be  nede. 

With  the  additional  data  that  vlll  accrue  during  this  interval, 
it  is  expected  that  sane  accelerated  tests  directed  toward  determining 
"tine  to  first  failure",  "mean  tine  between  failures”,  and  "life  tine" 
can  be  suggested. 
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Identification  of  Personnel 


During  this  report  period,  three  people  have  spent  the  majority 
of  their  working  time  on  this  contract.  These  are  the  Project  Engineer, 
Mr.  Jones,  a  technician,  Mr.  Switzer,  and  a  second  engineer,  Mr.  Roeger. 
A  description  of  the  background  of  Mr.  Jones  and  Mr.  9wltzer  was  In¬ 
cluded  in  the  First  garter ly  Report.  An  outline  of  Mr.  Roeger* s  train¬ 
ing  and  experience  is  given  below. 

Through  the  end  of  this  report  period,  Mr.  Jones  had  performed 
approximately  1000  man-hours  of  work  on  this  contract,  Mr.  Pease  470 
man-hours  (in  designing  and  fabricating  the  test  oscillators),  Mr. 

Roeger  160  man-hours,  and  Mr.  Switzer  973  man-hours. 

Professional  Record 
ROESro,  EARL,  JR.  -  Junior  Engineer 
Years  Engaged  In  Profession  -  Since  i960 
Academic  Training 

Mount  Uaion  College  B.S.  Physics  19 56- i960 

University  of  Akron  1958 

Employment  Record 

Dates  Company  Duties 

i960  -  Present  Inland  Testing  Laboratories  Engineer 

Professional  Experience 

As  an  engineer  at  the  Inland  Testing  Laboratories,  is  presently 
responsible  for  analyses  of  field  failure  data  from  the  Army  Equipment 
Record  System.  This  includes  statistical  analyses  to  determine:  re¬ 
liability  of  equipments,  components,  and  parts;  probability  of  equipment 
and  part  availability;  major  problem  areas  in  various  electronic  systems; 
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and  a«xima  utility  apart  parts  kit#. 

Baa  responsibility  for  tbs  preparation  of  test  procedures,  and  the 
supervision  of  laboratory  technicians  in  the  application  of  these  pro¬ 
cedures  .  Has  designed  test  fixtures  and  chanters  for  vibration,  shock, 
and  variable-temperature  testing  of  electronic  and  Mechanical  equip¬ 
ment,  Including  solid-state  converters,  inverters,  and  audio  amplifiers. 

Prepares  and  edits  test  reports  for  subaission  to  governmental 
agencies  and  private  industry. 

Security  Clearance  -  Secret 


22 


APPENDIX  I 
Teat  Data 


Note:  Table  numbers  XII,  XVI,  XIX,  XX,  and  XXI  do  not  appear  la  the 
following  data.  These  nunbers  are  reserved  for  uae  oo  Lota  of 
crystals  that  have  not  yet  entered  Phase  II  of  this  study. 
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AH  crystals  listed  were  supplied  by  manufacturer  "B' 
H.  A.  indicates  the  test  was  Hot  Applicable 
All  failures  recorded  were  catastrophic 
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TABLE  VII  -  Phase  II  Testing,  Lot  5 
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APPENDIX  II 
Illustrations 


3S 


Shown  above  is  sanple  number  120 
of  Lot  No.  4,  which  sustained  a 
broken  support  wire  during  the 
vibration  test. 

FIGURE  1 
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V 


Shown  above  are  samples  number  21 
(left)  and  27  (right)  of  Lot  No.  9 
which  sustained  the  damage  illustrated 
during  subjection  to  the  vibration 
test. 

FIGURE  2 
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I 


Sample  No.  25  of  Lot  15,  shown 
above,  received  the  damage 
illustrated  during  the  shock 
test. 


FIGURE  3 
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Type  CR-74/U  crystal  units,  showing 
Lot  No.  20  samples  that  failed 
preproduction  tests. 


FIGURE  4 


Partial  front  (on  left)  and  rear 
views  of  typical  printed  circuit 
oscillator  board  used  for  life 
test  oscillators. 

FIGURE  5 
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< 

Front  view  of  bank  of  life  test 
oscillators  in  operation. 

FIGURE  6 
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•CHEMATIC  OF  LIFE  TEST  OSCILLATOR  CIRCUIT. 

FIGURE  7 
*5 
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